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[Title of Invention] 

METHOD FOR EXTRACTING AND REFINING RNA 

[Summary] 
[Objective] 

This invention offers a method for extracting and refining a 
highly pure RNA within a short period of time from an organism 
material, e.g., a cell, etc. without having a complicated operation. 
[Means of Resolution] 

A method for extracting and refining RNA that consists of the 
following processes (a) through (c) and which uses a DNA extraction 
refinement reagent kit. 

(a) A dissolving solution containing a chaotropic substance, 
an extraction solution consisting of an organic solvent and a 
nucleic acid bondable solid-phase carrier are added, mixed or make 
contact with an organism material, e.g., a cell, etc. under acidic 
conditions, preferably under pH 3 - 6 conditions. The DNA 
contained in the organism material is absorbed in solid-phase. 

(b) A solid-phase carrier which has absorbed RNA during the 
process (a) is washed with a washing solution. 

(c) The RNA is then eluted from the solid-phase washed during 
the process (b) using eluent. 

[Claims] 
[Claim 1] 

A method for extracting and refining RNA that consists of the 
following processes (a) through (c) . 

(a) A dissolving solution containing a chaotropic substance, 
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an extraction solution consisting of an organic solvent and a 
nucleic acid bondable solid-phase carrier are added, mixed or make 
contact with an organism material, e.g., a cell, etc. under acidic 
conditions, preferably under a pH 3 - 6 condition. The DNA 
contained in the organism material is absorbed in solid-phase. 

(b) A solid-phase carrier which has absorbed RNA during the 
process (a) is washed with a washing solution. 

(c) The RNA is then eluted from the solid-phase washed during 
the process (b) using eluent. 

[Claim 2] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the acidic condition is pH 3 - 6 . 
[Claim 3] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the pH of the dissolving solution containing a chaotropic 
substance is 3 - 6. 
[Claim 4] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the chaotropic substance is a guanidine thiocyanate. 
[Claim 5] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the organic solvent is either a water- saturation phenol 
or a buffer solution saturation phenol, chloroform or a combination 
of these. 
[Claim 6] 

The method for extracting and refining RNA mentioned in Claim 
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1 wherein the nucleic acid bondable solid-phase carrier is a 
carrier containing silica. 
[Claim 7] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the nucleic acid bondable solid-phase carrier is a grain. 
[Claim 8] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the nucleic acid bondable solid-phase carrier is 
a grain containing superparamagnetic metal oxide. 
[Claim 9] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the extracting solution is either a water or TE buffer. 
[Claim 10] 

The method for extracting and refining RNA mentioned in Claim 
1 wherein the nucleic acid bondable solid-phase carrier is a 
carrier containing a superparamagnetic metal oxide and also 
contains a process for separating the nucleic acid bondable solid- 
phase carrier and liquid phase by magnetic power. 
[Claim 11] 

An RNA extraction and refinement reagent kit which consists of 
a dissolving solution containing a chaotropic substance, a buffer 
solution with pH 3 - 6, an extracting solution consisting of an 
organic solvent, a nucleic acid bondable solid-phase carrier, a 
washing solution and an eluent. 
[Detailed Explanation of Invention] 
[0001] 
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[Field of Industrial Application] 

This invention concerns a method for simply extracting a 
highly pure RNA from an organism material, e.g., cell, etc. by 
using a nucleic acid bondable solid-phase carrier and a reagent kit 
for extracting and refining RNA for use in this method. This 
reagent kit is also applicable to an tutomatic nucleic acid 
extracting device. 
[0002] 

[Prior Art Technology] 

The extraction refinement of nucleic acid from an organism 
material, e.g., a cell containing nucleic acid, is an important 
step in the fields of gene technology and clinical diagnosis. For 
example, in a case of analyzing a certain gene, nucleic acid (e.g., 
DNA and RNA) must be extracted from the organism material (e.g., a 
cell which holds the gene) . In the case of DNA/RNA diagnosis for 
the detection of a contagious body (e.g., blood, etc.) DNA or RNA 
nucleic acid, which is commonly contained in an organism material, 
does not exist under liberated conditions. It exists in the shell, 
i.e., the membrane and wall of the cell which is comprised of 
protein, lipid and sugar. In most cases, a nucleic acid itself is 
formed of a complex of protein. Therefore, when extracting and 
refining nucleic acid from an organism material, a nucleic acid is 
liberated by conducting a physical crushing treatment by either 
supersonic wave or heat, an enzyme treatment by protease, and a 
treatment using a surfactant and modifier, etc. Nucleic acid must 
be refined from the crushed substance by an extraction operation or 
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by ultracentrifugal separation using an organic solvent (e.g., 
phenol, etc.) and column chromatography, etc. using a carrier 
(e.g., an ion exchanging body, etc.). These methods have been 
optimumly used for a nucleic acid and starting material and also by 
combining them according to the use of the extracted nucleic acid. 
[0003] 

Commonly, the AGPC method [Analytical Biochemistry 162, 156- 
159 (1987)] has been often used as a method for extracting and 
refining RNA from an organism material, (e.g., a cell, etc.) . This 
method uses the following processes (1) through (4) . 

(1) A guanidium thiocyanate and a solution containing a 
phenol and chloroform are successively added to an organism 
material, (e.g., a cell, etc.) and the membrane or wall of the cell 
is crushed. A protein which has bonded with nucleic acid is then 
modified and a genome DNA is distributed to an organic phase. 

(2) Only a water phase which contains RNA is separated by a 
centrifugal separation. 

(3) The RNA is made into an insoluble condition in this water 
phase by adding either ethanol or isopropanol. (Either an ethanol 
precipitation means or an isopropanol precipitation means) . 

(4) Only the RNA is separated by a centrifugal separation. 
This AGPC method has the merit of obtaining RNA simply and within 
a short period of time when compared with an RNA extraction and 
refinement method which uses other means of ultracentrifugal 
separation. However, this method requires complicated operations 
(e.g., a centrifugal separation or a water-phase separation); the 
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ethanol precipitation means or isopropanol precipitation means 
which require a lengthy operation. Therefore, a method that can 
extract and refine RNA more easily and within a short period of 
time is needed, especially when a quick analyzation of many samples 
during a critical diagnosis, etc., is required. 
[0004] 

There is a method for using a silica as a nucleic acid 
bondable solid-phase carrier [Japanese Kokai Patent Publication No. 
H2 -289596] . It is a simple and convenient nucleic acid extraction 
method. This method is capable of extracting a nucleic acid from 
an organism material, (e.g., a cell, etc.) in one step. Because a 
low-density buffer solution (e.g., water or a TE buffer, etc.) is 
used as the eluent, the extracted nucleic acid can be directly able 
used for a post analysis without conducting desalination and 
condensation^ e.g., a means of ethanol precipitation, etc.). 
However, when trying to extract RNA from a cell by this method, a 
large amount of genome DNA in addition to RNA mixes into the 
recovered solution because a genome DNA is absorbed into a silica 
carrier, the same as RNA. Therefore, in order to obtain only RNA, 
a further refinement operation, (e.g., an enzyme treatment, 
ultracentrifugal separation or column chromatography, etc.) is 
unavoidably required. 
[0005] 

[Problems Resolved by this Invention] 

The objective of this invention is to resolve these prior art 
technological problems. This invention offers a method for 
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extracting and refining a highly pure RNA within a short period of 
time from an organism material, e. g., a cell, etc. without 
requiring a complicated operation 
[0006] 

The inventors have discovered how to obtain RNA from an 
organism material with simple extraction and refinement by using a 
dissolving solution having a suitable pH, an organic solvent and a 
nucleic acid bondable solid-phase carrier. This invention is the 
result . 
[0007] 

More specifically, this invention is a method for extracting 
and refining RNA that consists of the following processes (a) 
through (c) . 

(a) A dissolving solution containing a chaotropic substance, 
an extraction solution consisting of organic solvent and a nucleic 
acid bondable solid-phase carrier are added, mixed or make contact 
with an organism material, e.g., a cell, etc., under acidic 
conditions, preferably under pH 3 - 6 conditions. The DNA 
contained in the organism material is absorbed in solid-phase. 

(b) A solid-phase carrier which has absorbed RNA during the 
process (a) is washed with a washing solution. 

(c) The RNA is then eluted from the solid-phase washed during 
the process (b) using eluent. 

[0008] 

This invention's method uses a grain containing a 
superparamagnetic metal oxide as the nucleic acid bondable solid- 
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phase carrier; it also consists of a process for separating a 
nucleic acid bondable solid-phase carrier and a liquid phase by- 
magnetic power. 
[0009] 

This invention is also an RNA extraction and refinement 
reagent kit which consist of a dissolving solution containing a 
chaotropic substance, a pH 3 -6 buffer solution, an extraction 
solution containing an organic solvent, a nucleic acid bondable 
solid-phase carrier, a washing solution and an eluent. 
[0010] 

[Enforcement Mode of Invention] 

This invention's method for extracting and refining RNA is 
largely conducted by dividing it into the following three stages 

(a) a dissolving/absorbing process; (b) a washing process; and (c) 
an eluting process. 

[0011] 

In the dissolving/absorbing process (a) , a cell dissolving 
solution, an organic solvent, nucleic acid bondable solid-phase 
carrier are added, mixed or make contact with an organism material, 
e.g., a cell, etc., and the organism material is dissolved. The 
RNA contained in this organism material is then absorbed by a 
nucleic acid bondable solid-phase. The dissolving solution, 
organic solvent and nucleic acid bondable solid-phase carrier are 
either separately or simultaneously added to an organism material, 
e.g., a cell, etc. In this invention, a dissolving solution 
containing a chaotropic substance, an extracting solution 
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consisting of organic solvent and nucleic acid bondable solid-phase 
carrier are added, mixed or make contact under an acidic 
conditions, preferably pH 3 - 6, or more preferably around the pH4 
range . 
[0012] 

A tissue or culture cell, a bacteria culture, a blood 
component, (e.g., whole blood or serum), and a body fluid, (e.g., 
saliva, urine, semen, etc.) are used as the organism material in 
this invention. 
[0013] 

A dissolving solution containing the chaotropic substance used 
in this invention preferably contains a buffer agent. This 
buffer agent can be either contained in the dissolving solution 
beforehand or added after a cell has dissolved. There is also no 
particular restriction as to this buffer agent as long as it has 
buffering ability in the pH 3 - 6 range. A sodium acetate-acetic 
acid, sodium acetate-hydrochloric acid, etc. are used as this 
buffer agent. Its use density is preferably in the ranges of 1 - 
500mM and pH 3 - 6. 
[0014] 

The dissolving solution used in this invention contains a 
chaotropic substance. There is no particular restriction as to the 
chaotropic substance as long as it is one which has an increasing 
action of water solubility on hydrophobic molecules and is able to 
contribute to the bonding to the solid-phase of RNA. More 
specifically, a guanidium thiocyanate, guanidium hydrochloric acid, 
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sodium iodide, potassium iodide, sodium perchloric acid, etc. are 
used. A guanidine thiocyanate is especially preferable because of 
its great ability to obstruct ribonuclease, which decomposes RNA. 
The density of these chaotropic substances used differs depending 
on the type of chaotropic substance. However, when a guanidine 
thiocyanate is used, it is preferably used in the range of 3 - 
5.5M. 
[0015] 

A surfactant can be contained in the cell dissolving solution 
in order to crush the cell membrane or to modify a protein which is 
contained in the cell. There is no particular restriction as to 
the surfactant as long as the one used is for the extraction of 
nucleic acid from the cell, etc. More specifically, a nonionic 
surfactant, (e.g., polyoxy ethylene octyl phenyl ether, polyoxy 
ethylene solbitane monolaurate, polyoxy ethylene solbitane 
monolaurate, etc.); a catopmoc surfactant. (e.g., dodecyl 
trimethyl ammonium bromide, dodecyl trimethyl ammonium chloride, 
cetyl trimethyl ammonium bromide, etc.); a nonionic surfactant, 

(e.g., dodecyl sodium sulfate, N-lauryl sodium sarcosine, sodium 
chloric acid, etc.); and an ampho surfactant, (e.g., phosphor 
thidil ethanol amine, etc.) are used. An N-lauryl sodium sarcosine 
is especially preferable for use. The density of these surfactants 
differs depending on the surfactant used, but when N-lauryl sodium 
sarcosine is used, the preferable range is 0.1 - 2%. 

[0016] 

There is no particular restriction as to the organic solvent 
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used in this invention as long as it is one which does not obstruct 
the bonding of the solid-phase of RNA, but does obstruct the 
bonding of the solid-phase of DNA. This specification is not 
clear. However, it is felt that the organic solvent optimumly 
decreases the polarity of the liquid phase by adding it to a liquid 
phase. Therefore, it contributes to the selectivity of the bonding 
of the solid-phase of RNA and DNA which have different molecular 
surface polarity. A concrete example of the organic solvent used 
in this invention is a water- saturation phenol, 1-propanol, 2- 
propanol, 1-butanol, 30methyl-l-propanol, acetone, etc . tc. A water- 
saturation phenol alone, or the properly proportioned mixture of 
water- saturation phenol and chloroform is especially preferred. 
[0017] 

There is no particular restriction as to the nucleic acid 
bondable solid-phase carrier used in this invention as long as the 
solid-phase absorbs nucleic acid under the presence of a chaotropic 
ion. More specifically, one which has a hydrophilic surface able 
to hold by reversible bonding, e.g., a dioxide silicate. Even more 
specifically, silica is preferably used. The other substance is 
also composed of silica, (e.g., glass, diatomaceous earth, one 
which has its surface treated by chemical modification or a complex 
of other substances such as superparamagnetic metal oxide, etc.). 
It may be used as long as it is one which does not obstruct the 
reversible bonding of the nucleic acid. There is also no 
particular restriction as to the form of the nucleic acid bondable 
solid-phase carrier, (e.g., grain, filter and reaction container, 
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etc.). However, when considering the effectiveness of absorption 
and elution, the grain form is preferable. A grain diameter of 
0.05 - 500 jm is preferably used. 
[0018] 

The washing process (b) is a process to separate as much as 
possible of only the nucleic acid bondable solid-phase carrier, 
which has absorbed RNA from the mixture of the cell crushing 
substance, the cell dissolving solution, the organic solvent and 
the nucleic bondable solid-phase carrier. At this point, washing 
is preferably repeated about one to three time using the washing 
solution. 
[0019] 

A concrete means for separating the nucleic acid solid-phase 
carrier in this invention differs depending on the form of the 
solid-phase used. For example, when using the grain form of 
nucleic acid bondable solid-phase, a centrifugal separation, 
filtration, and a column operation, etc. are preferred. When using 
one which contains superparamagnetic metal oxide in the grain as 
the solid-phase carrier, a simple means of magnetic separation 
which uses a magnet, etc. is possible and more preferable. 
[0020] 

There is no particular restriction as to the washing solution 
used in this invention, so long as it is one which does not 
accelerate the elution of plasmid DNA from solid-phase, but which 
does obstruct the bonding of the solid-phase of genome DNA and 
protein. 
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More specifically, 3 - 5.5M guanidine thiocyanate solution and 
40 - 100% ethanol are preferred. Best results can be achieved by 
using these washing solutions. More specifically, after it is 
washed with a guanidine thiocyanate solution, it is preferably 
washed with 40% - 100% ethanol. When the cell dissolving solution 
and organic solvent used during the dissolving/absorbing processes 
are used as the washing solution, the removal of genome DNA and 
protein is more effectively conducted. At this point, it is 
preferably washed continuously with 40% - 100% ethanol. 
[0021] 

The eluting process (c) is a process for eluting the RNA from 
the nucleic acid bondable solid-phase carrier which has absorbed 
RNA. Therefore, there is no particular restriction as to the 
eluent used in this invention, as long as it is one which 
accelerates the elution of the RNA from solid-phase. More 
specifically, a water or TE buffer [lOnM tris-hydrochloric acid 
buffer solution, ImM EDTA, pH8.0] is preferred. The recovered RNA 
at this point can be directly used for enzyme reaction which has 
used an inverting enzyme, etc. without conducting a desalination 

(e.g., a dialysis and ethanol precipitation, etc.) and a 
concentration operation. 

[0022] 

This invention's method for extracting and refining RNA is 
composed of simple processes. Therefore, it can be easily 
applicable to a nucleic acid extractor which has automated the 
separation operation of solid-phase and reagent dividing injection 
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operation. 
[0023] 

This invention's extraction/ refinement reagent kit of RNA 
contains a dissolving solution having a pH 3 - 6 and containing a 
chaotropic substance, an extracting solution consisting of organic 
solvent, a nucleic acid bondable solid-phase carrier, a washing 
solution and an eluent . 
[0024] 
[Examples] 

This invention is explained more specifically with reference 
to the accompanying following examples. However, it is not 
restricted only to these following examples . 
Example 1 : 

THE EXTRACTION/ REFINEMENT 
OF RNA FROM HeLa CELL 

(1) The Preparation of HeLa Cell 

HeLa cell is cultivated in 15ml of (Dolbekko) eagle culture 

ground (Nissui KK) containing 10% calf serum (Gibco BRL KK) for 4 

days at 37°C. After the cultivation has finished, a cell which has 

been liberated by trypsin treatment is transferred to a 15 ml 

capacity centrifugal separation tube and centrifugally separated 

for 5 minutes at 1,000 rpm. The result is then suspended by 10 ml 

of PBS [137 mM sodium chloride, 2.7 mM potassium chloride, 4.3 mM 

disodium hydrogenphosphate , 1.4 mM dipotassium hydrogen phosphate 

(pH 7.4)]. The result is divided and injected into a 1.5 ml 

capacity microtube so as to become the number of the cell of the 

result as 1 x 10 6 pieces and centrifugally separated for 5 minutes 
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at 3,000 rpm. A cell pellet as the extraction material is then 
obtained by removing the supernatant. 
[0025] 

(2) The Extraction/refinement of RNA 

500 ul of a cell dissolving solution [4M guanidine 
thiocyanate, 25mM sodium citric acid (ph7.0), 0.5% N-sodium lauryl 
sarcosine, 0.1 M 2-mercaptoethanol] are added to the cell prepared 
in (1) above and dissolved. 50 ul of 2M sodium acetate-acetic acid 
(pH4.0) and 500 ul of water- saturation phenol are continuously and 
successively added and mixed vigorously. 40ul of a 0.5g/ml 
magnetic silica particle suspension solution [grain diameter: 1 - 
10 urn; 30% triion tetraoxide; specific area 280 

m l /g; surface hole diameter: 2 - 6nm (Suzuki Yushi KK) ] are added 
to the result. A microtube is placed on a magnetic stand (MPC-M: 
Dinal KK) and magnetic silica particles are then collected and the 
supernatant is removed. The microtube is removed form the magnetic 
stand and 1 ml of washing solution [5.3M guanidium thiocyanate, 52 
mM tris -hydrochloric acid (pH6.4)] is added and mixed sufficiently. 
It is then placed on the magnetic stand and the supernatant is 
removed. The particles are washed, continuously washed with l ml 
of 70% ethanol twice and 100% ethanol once. After the supernatant 
is removed, the microtube is placed on 55 "£ heat block and left for 
20 minutes. The ethanol inside of the tube is evaporated and 
removed. The particles are then dried. 100 ul of sterilized water 
is added to the result, mixed for 10 minutes at room temperature 
and placed on the magnetic stand. Magnetic silica particles are 
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then gathered and the supernatant is recovered. The recovered 

solution was almost 80 ul . 

[0026] 

10 ul of the recovered solution is placed for agarose gel 
electrophoresis and colored with ethidium bromide and photographed. 
The result is shown in Figure 1 (line 1) . As is clear from Figure 
1 (line 1) , there is almost no mixing- in of genome DNA in the RNA 
sample which has been extracted by this invention's method. 
Therefore, it can be seen that this invention's method is capable 
of extracting a highly pure RNA. 
[0027] 

(3) The Detection of Human Transferring Receptor RNA by RT-PCR 

RT-PCR is conducted on a human transferring receptor RNA, as 
the target, to the recovered solution obtained in (2) above, and 
the RNA in the recovered solution is then detected. RT-PCR is 
conducted by using a commercially available reagent kit RT-PCR high 
(Toyo Boseki KK) and a primer for human transferring receptor 
amplification (CL5407-1: Clontech KK) . First, M-MLX an inversion 
copy enzyme and a reagent for inversion copy containing inversion 
copy primer are added to 10 ul of the recovered solution obtained 
in (2) above. It is kept at 42 °C for 20 minutes. An inversion 
copying reaction is then conducted. Parallel with this, the same 
operation is conducted without adding the inversion copy enzyme. 
The result is used as the negative control of inversion copying 
reaction. A PCR reagent containing heat -resistive DNA polymerase 
is added to the reaction solution which has finished inversion 
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copy, and the final liquid amount is set as 100 ul, and 30 cycles 
of one minute at 95 °C; one minute at 56 P C; and one minute at 72 °C 
are enforced and PCR is conducted. 10 ul of the reacted solution 
is placed to agarose gel electrophoresis, colored with ethidium 
bromide and photographed. The result is shown in Figure 2. In 
Figure 2, line 1 is a size marker consisting of the PstI digestion 
substance of randamfarge (phonetic translation) DNA. Line 2 is the 
migration pattern of RT-PCR amplification product of RNA which has 
been extracted and refined by Example l's method. Line 3 shows the 
migration pattern of PCR amplification produced when the negative 
control of inversion copying reaction is used. As is clear from 
Figure 2, an amplification product is seen only in the reacted 
solution (line 2) which has conducted inversion copy reaction. It 
can be seen that RNA extraction is possible by this invention's 
method and it is able to be immediately used for analysis by RT- 
PCR. 
[0028] 
Example 2 : 

EXTRACTION AND 
REFINEMENT OF C-TYPE HEPATITIS VIRUS (HCV) 

(1) Serum which contains 1 x 10 7 copy/ml of HCV is diluted by 
negative serum and a diluting system of 2 x 10 s - 2 x 10-? copy/ml 
is made and used as the extraction material. 50 ul of each 
diluting system serum sample (1 x 10* - 1 x 10 l copy equivalent) is 
used and RNA extraction is then conducted by the same method as in 
Example 1. 

[0029] 
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(2) Detection of HCV/RNA by RT-PCR 

RT-PCR is conducted on the recovered solution obtained in the 
(1) above by using a non-translation zone of HCV/RNA as the target; 
HCV and RNA in the recovered solution are detected. A commercially 
available reagent kit RT-PCR high (Toyo Boseki KK) is used as the 
RT-PCR. An M-MLV inversion copy enzyme and an inversion copy 
reagent containing inversion copy primer are added to 5 ul of the 
recovered solution obtained in (1) above. The final liquid amount 
is set as 20 ul. An inversion copy reaction is conducted on this 
by maintaining the temperature at 42 *C for 60 minutes . The PCR 
reagent containing heat-resistive DNA polymerase is then added to 
the inversion copied reaction solution. The final liquid amount is 
set as 25 ul and a PCR reagent is successively added 30 seconds at 
94*C; 30 seconds at 53"C; one minute at 72 °C, by using DNA Thermal 
Cycler (Perkin Elmer Cetus KK) . The final liquid amount is then 
set as 30 ul, and two stages of PCR are conducted by 28 cycles 
enforcement of 30 seconds at 94 *C; 30 seconds at 50 *C; and one 
minute at 72 °C. 

10 ul of the reaction solution is placed to agarose gel 
electrophoresis, colored with ethidium bromide and photographed. 
The result is shown in Figure 3 . Line 1 shows a size marker 
consisting of the PstI digestive substance of randafarge (phonetic 
translation) DNA. Lines 2-7 show the migration pattern of RT-PCR 
amplification product of RNA which has been extracted and refined 
by the method indicated in Example 2. Lines 2 and, 3, lines 4 and 
5, lines 6 and 7 show the results of a serum sample containing HCV 
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of equivalent 1 x 10^ copy, 1 x 10 3 copy, 1 x 10^ copy, 
respectively. As is clear from Figure 3, amplification products 
are seen in serum samples containing HCV of equivalent l x 10^ copy 
and 1 x 10* copy. It can be seen that RNA extraction is possible 
by this invention's method and is able to be immediately used for 
analysis by RT-PCR. 
[0030] 

Comparative Example 1: 

Since better extraction and refinement of RNA, when compared 
with the prior art method are seen, the extraction of RNA is tried 
by using the prior art method which uses chaotropic substance and 
silica particles. 900 ul cell dissolving solution [4.7 M guanidium 
thiocyanate; 46 mM trishydrochloric acid (pH6.4); 1.2% polyoxy 
ethylene octyl phenyl ether; 20 mM EDTA] are added and dissolved in 
the cell prepared in Example l's item (1) and continuously 40 ul of 
0.5 mg/ml magnetic silica suspension solution and mixed for 10 
minutes at room temperature. A magnetic silica is then gathered by 
placing a microtube over a magnetic stand. The supernatant is 
removed. By using the same method as in Example (2) , the particles 
are washed with 1 ml of washing solution [5.3M guanidium 
thiocyanate; 52 mM trishydrochloric acid (pH6.4)] twice; with 1 ml 
of 70% ethanol twice and with 100% ethanol once. After the 
supernatant is removed, a microtube is placed on 55 °C heater block 
and left for 20 minutes. The ethanol in the tube is then vaporized 
and removed. The particles are dried. 100 ul of sterilized water 
is added to the result and mixed for 10 minutes at room 
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temperature. By placing it on the magnetic stand, magnetic silica 
particles are then gathered. The supernatant is recovered. The 
recovered solution amount was about 80 ul . 10 ul of the recovered 
solution are placed to agarose gen electrophoresis, colored with 
ethidium bromide and photographed. The result is shown in Figure 
1 (line 2) . As is clear from Figure 1 (2) , a large amount of 
genome DNA is mixed in the sample which has been extracted by the 
prior art method shown in Comparative Example 1. 
[0031] 

[Effect of Invention] 

With this invention, a suitable dissolving solution and 
nucleic acid bondable solid-phase are used under an acidic 
condition and RNA contained in an organism material is uniquely 
absorbed. The RNA is also simply and conveniently recovered, 
extracted and refined by using a proper eluent without requiring a 
complicated post - treatment . 
[Simple Explanation of Drawings] 
[Figure 1] 

A photograph in place of a drawing indicates the agarose gel 
electrophoresis pattern of RNA which has been extracted from 
culture cell by this invention's method and by the prior art 
method. 
[Figure 2] 

A photograph in place of a drawing indicates the agarose gel 
electrophoresis pattern of RT-PCR amplification product of RNA 
which has been extracted and refined from a culture cell by this 
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invention's method. 
[Figure 3] 

A photograph in place of a drawing indicates agarose gel 
electrophoresis pattern of RT-PCR amplification product which has 
extracted and refined from HCV positive serum by this invention's 
method . 
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Itm&ffl TtBIg ( a ) - ( c ) *-&tr«r fc 

( a ) wmn&mffl^ ^hnt ? mm^te 

fflffitt*Ktt*fK ff4L<«pH3~6(=T8aiD, & 

RNA^iffllCtf^t, < b ) JJE ( a ) I6ICT 
RN A£8»3*fc@fflfflflc£fc»«fc i 9J!»L. 
( c ) ±E ( b ) IflfcTiftSLfcBffli^ *ffi»fc 



1 

[M#H1] TfElH(a)~(c) ZlstsZtm 

( b ) ±15 ( a ) ISKTRNA* fflatS-^gBBifi* 

< c ) JJB ( b ) lgfcTft»LfcHffi*&, *ffi*fc 
iORNAfcjgifJS-g-*. 

[11*312 1 Ktt*fr*«pH3~6T*Sil*JSlE 
KORNA^ttaHMKSa. 

3&*3~ 6T'j>^it*ii i laa^RN A^i*aj«ffli!*j£. 

[M*JH4] *^hnt.y»m-ymy 

T>m§x'fohmim i tiea^RN A^aMs* 
a. 

■&t*tT*>i>m&i i iaittcoRNAcDttaiffi»^ife„ 

T*4lt#Jf 1 fS»<ORNA<Dtttf}fi!153$£„ 
lB*0RNA<3ttH»«m 

mutmmb&m&i imoRN Am&mmii 
m. 

mim i isao r n AcotttBffis^. 

im& 1 0 3 ^^-&ttSMSfflft*^^Ett#ES 

fc * 4 11*31 1 K»^R N A«ttittj?iffttr&. 
[M*El l ] fi*hrtv?WlZ&[rmm. p 

ttHffiffitt. ^fcfe±tft&a}»te£tmNA<9»as» 
[00 0 1] 

[0002] 

ga^ttaawBi, m&fx^^mmmmmxam 
r^f-yms. mar, ftsag^fcou-ogw 



(2) ^T9-327291 
2 

<?54*tm*»^>DNA4»RNAi:i^ftaK£ttaj-r4 

*t0ttaj«0fc«K0DNA/RNA^Brfci3l^Tfc. H?& 
^DNA^RNAt^ofcgKt W$fcltzW§X'ffi±. 

mmm^mmm^m^z^i^ rak^<a*£. 

im^ft^tj: hymmmsKy-UT-r—etx 
tizxy)imz$m2it. 7iy-;^ii 

ms&mfim. zt>izim&ifzm&mmzmtx 

im^hZti. Zti?hMMikZtixm^L>tiXu& . 

20 [0003] iUIB^glttffl* ^RNAJ ttaj»*-f 
&:tr}£k LTti. VXb«9>SAGPCj£ [Analytical Biochem 
istry 162, 156-159 (1987) ] ffiftlzX <m^hti 
TVv&. C^ftii. ( 1 ) SBJBIS^^flfcT'T- 

At*WB^#fiS*, ( 2 ) a-WHtfcj; 0 RN Atf 
£**iS*ffi<0*£#KU (3) £«0*fflfcx*7- 

30 «^ (x^y-A«IK£XI4-fy7 , n^V-/Wfc 
JKifeK (4) 3&fc»£#«fcJ:-3-CRNA<0»£# 

<*>IS*MHf8;£ * mth R N Attffi*ft£& k Jt« U 
T . SWUSW^-XBSfc R N Aim btih k \ * 3 ^Bfi** 

k v \o mmwth r*Ji6f5*fc 

<0*6«^(C«, iOttfl&&*o«l$HtRNA35«*a}» 
40 «T**StfeWB*Sn4. 

[0004] fSS^KtttiJS fc ^ U * SrS 

^M&-SP§T'»aJl-|» i k 36*nT«54- 3 £ . ?§tB^k t 

t»«^J:9«^feRNA«)»{B*a*»fc*^, y-V 
50 ADNA^RNAk|5]«t'>- , J^ffi#^.tR#i-'S^ft. 
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BJRiS'FfcttRN AM ZMzZm<?)drJ AD N A#i&A 
[0005] 

mMmnmmAfr^RKAmm%im*mti-h 

[0006] 

avvbu *w»e*L-fc. 

[0007] -ftchib, *?mt* TIBIS ( a ) ~ 
( c ) fc £^kT£RNA^JMi«SW&T' 

fcfc±9, 4«tmfc#4fL*RNA*IBffl±fci|»S 
( b ) ±E ( a ) iHfcT RN Aft !8*3-gfciHe 
fi#*8»«t <k 08t»U ( c ) JJB ( b ) JMtzx 

[0008] *3Sbjj^ &g^£tt@ffifltttf £g$& 

tt^«iMkft$-# tia^ t $> of, § fcaaj l 

[00 0 9] 4fc, bo t>?%«§#fr 

sfbjbl p h 3 ~ 6 oKsraL *«B8K3&» t^saias 
a. mms&mmm. tmmtsxvmm&ittiR 

[00 10] 

a. (a)?§JB-©*Ig. <b)&MS. (c)» 
ffil^co 3 met** < m t>tih . 
[0011] ( a ) fflPJSP • »*IgT*W\ 

^mmmmm<^mm^ m^wk&dl-c 
*4v«Ri&fc}fiiil/r«>J%v\ awswetjv^-r 

4L<«pH3-6. 34>lCff4b<ttpH4f*3fifcT 
[0012] *««Sfci$i^fflv%fe*L4±3Wmfc LT 



[0013] *»HfctJV%T«ffl-t4**bnev^» 
«££tr»S$«fcli. «HB«*^*$-e-S i k #*?4 L 

£8*Lfc«fc«WSfc LTjSJnLTfc in. iolfffi 
MkLTJi. HRtffifflSiiSfc^-C&fUf, tffcffiSg 
Sil&V^ pH3-6^KHWvfft^ P HK:B^ 
T«*tg£^4fe<0#J:9JJ4Li\ PI* If. 

^M8tKkLTtel~5 0 0mM. P Hte3~~6?) 

[0014] 3«WifctJV^TfflV^n*JB»fiSfctt x * 

fcLTHL Hftfctftfhne^^fcLTaMiT^ 

Tfc>5\ 5 6KRNA<0fflffl^)IS^tC»^'t6t>WC 

)ft^c7)d*>. RNA£##t*y*5t?iyr~ fe'CWi- 

ti\ ^r-> ? y^'>7^Kfi*i!effl , tft*^fc«. 3 

[00 15] 4fc, **fntv^*K**«WWfc 
HHBflgottJftft 4 v \zis$.1xh?y> W ft 
£S£tt3-£SB«T\ lfffl«tK9ft**§-frTfciv\ 

cco^ffivsiwjk L-m, HRfcara^fecosfflBsai 

ffl. Prv/WSIfflS^-bU^A. N - yiJuA iV^fiV'Sis 

3^y^hU^A3&s»4U<fflv^iiS. i*i4><olHB 

0. Mz.tr. N-5»>n^;^;PrJ^y-fhy^AS:ffi 
0. l~2%?)iSBIk&£J:3£'f£ffl 
■f4^*W4Li\ 

[0016] *^tiJV^TfflV^tLl>W^i: LT 
i NA«OHffl'^DlS^*tttf4*.<0-C»*ltr. SffcRRg^ 



®mzmmmtoi-& z t iz x mmmrmmizT 
if. ^ztizx^x. frpmosmfimthRNA 
tDNA izmm t <a*g£tf>asKtt£tt* lt v ^ *> <o t 

nnt^A, l-7°n7W— 

[0017] *wmz&\vtm»biihmm&ffiatt 

JEfrtLT{i. #*bnt^yyM*y^#ftT?MSr 
ffl», t%bmm>%&£lz3;K>&¥T-r&Zttf-?Z 

K^^mmmz^mmm^m^tzi,^^ mn 

fcS*tf)JBHfcPJ: l 3#4L<, £<?)i:§e&tt0 . 0 5 
~5 0 0jum#y:9#5iTJ>.&. 
[0018] ( b ) ftMSfi, ±15 ( a ) iz&n&tk 

, R N Atf«* bfc«KB£tt@fflififl«o» £^ 
[0019] *»Hfcfcft4^fcllfflfc<0£tt» 3 fr# 

(t^sk txji. m-tmm^mmmwmm^z 

fcta. n^mzm^m^mmitm^t^xn^tz 
i><D*wmimt Lxmm-ttui, mamm^^mm 
tcMmm&mmt* o , «fc •? »jrc* s . 

[0020] *»BHt:*JV^fflV^<t*afe»iai: LT 

i±, mmmfrt>coy7x$ kdnacmmh©!-^ 

fcli, 3-5. 5M^yyf^y7yiiS^l.v^ 
tt4 0~l0 0%x^y-^*JjffiL<, ift£>«£ 

^^^^rysapartastfca. $ $>K4 o-i o 

0%x^y-;VT»-ri»o*WtLv\ ifc. 



[0021] ( c ) mftxmz. ±je ( b ) mizm 

h RN A LfcSfflB&attHffiffl** J? f£R N A£ 

iV*TEA 7 7r- [KWJbUXSlBBffJK. ImMEDT 
A. pH8.0] ##aLV^. i<0fc§HURLfcRNAtt. S 

io < , wegmmtwi Li&msostm&m-ti z 
ttfx-zt. 

[0022] *m£XhRKA<mmmim^ * 
eij-itL^^Ktt^a^^^ffl l o & . 

[0023] ^B^RNAcOttffi^SS^g^y Mi. 
#*hot°v?ft»£^tf P H3~6^§fS?«L MS 

[0024] 

20 [ggftpu jut. mmmizx *)*%m $ t 

XlitcW 

mm I HeLa$Hlia*^ORNA<0WEfJ»S? 
(1) HeLaMBAHH 

H e L affllf&Sr 1 0%+JJ6iUH» (Gibco BRL #») * 

5m 1 T'3 4 HBWBILfc. ««»7tt. h U7* 
S^yjaaicJ: VimLKMMZ l 5m 1 «»C^iV^ 
»U l.OOOn*, 5»RBftWMlL. ±»*»*Lfc 
30 1 0m 1(7)PBS [137mM ^t^b'J^A, 2.7mM 
f^b^U^A. 4.3mMU>'K7K*X^f , ;'7A s 1.4mM 

yyi&ksltf'j^A ( P H7.4 ) ] ctSLt. zti 

£WXttm&ffllLlZk Zh 7 X 1 07 fflT'fc^ 

fc. x i o^ 

ZXolzl. SmlST^afi-^ftl, 3,00 

[0025] (2) RNA(Oaffi«M 
±15 ( 1 ) ^TiSSL/t«t 5 0 Ou 1 
40 [4M7'7-> ; y^v'T>^ 25mM?xyl!^M><7A 
( P H7.0 ) , 0.5^N-^^n-<^Hf;i/a^y^by^ 
A. 0.1M2-^;^Thx^/-;U] &JfliT}g)»$ 

*Ev^5 0jul(©2MBHjW-hy<>A-»i6 ( P H4. 
0). Zt>lZ5 0 0txl<7)7mm7xS-)lZtoz., WiL 
<fi^Lfc. ^tlC 4 0xil^0. 5g/mlffl4y 

y^tt? (asiMOxtm. wE-Wumn? 30%^. 

Jt^ffiW 280m 2 /g. SB?L^W 0. 025ml /g. ^ffii|ffl?La:S 
2~6nm: ^ABgttiS) ^SfiSJK^iSanU. ^ST'10 

50 ( MPC-M : ^ ) KM LTHfr> U ^©TS" 



(5) 
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MX ^ y h'*»£>*h U 1ml ?)Mg [ 5. 3»/T- v'y 
f^y7>S, 52mMr->jX-igg? ( P H6.4 ) ] £Jui.T 

-YMzmshtz®. mzm%z?y vizwwLxm 
i m i cd^^ts.^ ft^imt. m^x 1 m 1 

(7)7 0%x^y-;kT'2lHl. 1 0 0%x^y-^-cilH 
Sff&^L*:. ±}I&l&*L£iL v>f^n^ A -7' 
£5 5r£f££L£t-b:/n7?±K!£MU 2 0^ 

wLxwki'VAm-zmb, m^muLtz. mm. 
m±&z.*B,on\x'h^iz« 

[00 2 6] ®Wm<Do-h. lOuiZTJiv-Xffr 
Ltz&ZkZmi (]s->l) Iz&t. Ml 
NA+ry77t/*£fJ\ ^7ADNAc7)iiAiif5i:/Ci:'fS 

[0027] (3) RT-PCRKi-St h h^yx? 

±12 (2) tT#^^@JRM^LT, t f-r^yx 
yx'J^L-br^-RNASr^-y-y VfcRT-PCR 

^-ifta;^*^ EiK^^RNA^m^^A 

fc. RT-PCR(i, HJlS^^^-y hRT-PCR 

high (m#«i±S!) thhf7^7xy yn= 

7°?-J«3T5MV- (CL5407-1: ClontechttM) £ 
«fflLTff-?/Co ±ffi (2) £T^ft£ISM 30 

CVTh, 1 O/z 1 fcM-MLVS£!fg^@£St Ste^fflr 

IfcU Z\K*42°C, 2 0^«SLTffi^K^ 

A^J;*7--fe'&#tfPCRfflf^Jni.. 

1 0 Oxt 1 £ U DNA Thermal Cycler (Perkin Elmer C 

etus#g!) trC9 5°C. 1#ISL 5 6*C. 1#IS. 7 2 

l£ft3£3 0^M^||]|fiU PCR^^ 40 
fc. Rtf38t^*>. 1 0// 1 £7#n-;^/Um&i> 

£rH2£Srr„ 0>K l/-yili7^77-y'DN 
AOPstim%^ft-g>^MXv-#- N W-y2JiH 
IStflJl CSt^ftti DtttHffiM$^RNAORT- 

PCRti^»^»^-y. i/-y3{iaK?ra5 
£)*#t J7?yh v-frZim Ltz t # (DP c RiMH 
- y £5^t. H 2 **Sr J: d fc. 

»>*jt.£>*U *%BJ^StJ;0RNAcOJim*^ 50 



t\ m.-hizRT-pcmzxtmmizmmx^ iztt- 
nmx-ziz. 

[0 0 28] m^m2 CMJJF&'M/l-'X (HCV) R 

(1) 1X107 3U-/m l<7)HCV*%tiiT^|> 
Jfll»^lt1xll!lV*^J;D#^tT2Xl0 5 -2X1 0 3 

Lfc. ##S?^^lfil«^y7^5 0^ 1 ( 1X104- 
1X102 nh-ffl^) iHSfflLT. ^ISWli:|nI«^ 
ffifc± ORNAcottHJ^fc^^ro^. 
[0029] (2) RT-PCRtiiHCV • RNA 

m ( 1 ) fcT££*lfc0JK»fc*fL"t\ HCV • RN 
AOMWSW**-*'? r-fcRT-PCRfcfeiSrd 
ifcHiD. HUCSK'fWHCV ■ RNA(!^aj*i*» 
fc. RT-PCRii. rfj|Kc7)ti»-y hRT-PCR 

high (jf^t6«a«) *ffifflLT*jci4ofc. i 

•f. ( 1 ) £.Xftt>tLlzWmno*>5u ltM-ML 
£Jn£. ft»«fi£2 0jtz 1 fcU iil£4 2 0 C. 6 0 

tfoRjesttBSMtD n A!j?y ^ 7— * *o p c rjbk 

mZMl. WmWAZ 2 5ju 1 t Lv DNA Thermal Cycl 
er (Perkin Elmer Cetusftg! ) fcT. 4-^, 9 4°C, 3 
0^. 5 3°C, 3 0tWB, 7 2*0. 14HH*3 8^ 
7;K SfefcPCRfflKSKtJni, ft&i8»£3 0;u l 

fct. 94°C. 3 0^f3. 50'C. 1^-PbI 7 2°C. 1 
2 8tM ?iVmmtZ> Z t IZ X 0 . ZJSPBOP C 
Rfcis.r&o*:. 1 0*i l ^7^n-x 

77-y'DNA COPstI Jfir 6 ^ — , 

v~y2^i\mimh'2.\zm-Hmz± *)mmmzn 

itRN A(7)RT- P C RJtWISftOiicl^'C^-y'C-* 

0. u-y2%tfu-y3teix i o 4 i^-y 

45t^l/-y5«ixi0 3 3t^ U-y6RlXlx- 

y7«ixio 2 3t-fflS<0Hcvi*trjSiifr9-yr 

1X1 0 4 3t-*JitXlXl 0 3 3rJ-ffiSOH 

cv^^tfjfiim^yT;Wcov^TJM1iSWm4>^, * 

^O^tiOH^yT^^COHCV • RNAW 

mmtHmx\ tttRT-pcRfciswfftffifflt 

[00 30] flBfll 

fia^kik«UTa«j:<RNA*aa}««"c&6ifc 

n^j id) izxmmitiMmz. 9oou\ vmm 
mmw. u.in^T-^^y^^rym. Ambv*t& 

K(pH6.4) » 1.2%dfJ^->X-^lxy^^f-;W7x-;P 



9 

X-tMK 20mM EDTA]*jDi TiffiBS*, SUT4 0ju 
10)0. 5mg/mlHttyWIM^illU IS 
T*10#HS£Lfc. 

^KfctSHLTKHS' 'J****. ±?t£l&£cL*:„ 
<KWC, £»W ( 2 ) «#ifefcH*CLT, 1 m 1 coffi 

H6.4)]T 20. lml<970% X^y-^T 20, 100%X^ 
7-;WT lEFB^^as^Lfc. ±»£fik*Lfc«L H 

;u£i»*u a?*«a»s*fc. ^^fcioo^i 

c7)MM*MnU MST'l 0#Hfi&Lfc«L KMX 

<oi ojii i *r^D-^^«siaa6Kffit. x^-s;? 

2) fcScf. Hi (l/->2) frfcStejWri-Jfc, Jt 

[HI] [02] 



SHPF9-3 2 72 91 

1 0 

AD N Aj&^SfcjlA-f-S £ fc tm^iifz. 
[0031 ] 

£ttBffl£Ktt$frTfcffi»*S i t fc i 0 . ±«rtm 
fc*ift*RNA£#|IW(C!ft*$-li\ 3fe(C3a^5r» 
SBSfcttHH-* i t (c J: 0 . ®*fcft*Elftf££i&g 
1-4£fc*<SRNA£1BSfcll|JKU rnmwx* 

&. 

imi i *»^*a*sfcfla^fc ± ^*$»4>tt 

tii«M$^RNA^7^n-x^«^acij^^-y 
£^0ffiKfUSWe&l>. 

ft£RNAcDRT-PC RflifiSft WT^fn-x 

[S3]*^cd*^J:0. HCVHMtm»*»^tt{fJ 
R N A<0R T - P C RilWBgftwr^n-^ 

[03] 
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